On the Special
Substance that inhibits Self-fertilization. It is often found that the fertilization of the eggs by sperm or pollen of the same individual is very difficult or impossible, though both the male and female gamete are morphologically perfect and functional with the complemental gamete of the other individual . This phenomenon is known as" self-incompatibility" . The first physiological expositor of the cause of self-incompatibility of plants was perhaps DARWIN (1876), by whom light was thrown upon this ploblem.
He says in his concluding remarks;" We may therefore confidently assert that a self sterile plant can be fertilized by the pollen of any one out of a thousand or ten thousand individuals of the same species , but not by its own. Now it is obviously impossible that the sexual organs and elements of every individual can have been specialized with respect to every other individual . But there is no difficulty in believing that the sexual elements of each differ slightly in the same diversified manner as do their external characters; and it has often been remarked that no two individuals are absolutely alike. And unless there be such differentiation fertility fails ."
From the chemical point of view, JOST (1907) modified this idea . He supposed that the individuals differed qualitatively in their chemical composition from one another, and the gametes of any plant possed the" individual stuff" of that plant. And he assumed moreover that the pollen tubes grew only in the tissues having a different individual stuff. But CORRENS (1913 , 1916 opposed to this idea . He advocated. by the evidence based on his genetical investigations that the substance which inhibited the growth of the pollen tube might not be the individual stuff but the" line stuff" .
Setting aside the question whether this substance is individual stuff or line stuff, does such a hypothetic substance really exist? If it exists, what nature has it ? In order to solve these ploblems a number of experiments were made with Petunia violacea in the author's 1) This is a part of the research which is executed with the aid of The SAITO Gratitude Foundation THE BOT_AIVIC AL VAG-AZINE [Vol. XLVI, No.544 labolatory since 1924, and the reports on various aspects of the investigations were published frorn time to time (YASUDA 1927-31) . This paper is an abstract of these experiments togather with some discussion. The full paper will be published in a near future.
II. Does the special substance that inhibits selffertilization exist?
Some investigators such as SCOTT (1865), MULLER (1868) and DAR-WIN (1876) reported that the pollen of some self-incompatible plants could not germinate on the stigma of the same individual.
But many other workers observed that the pollen-tubes were produced freely in the style of the self-sterile plants after selfing. The pollen of Petunia violacea can also germinate on the self pollinated stigma, but it is doubtful whether the germinating percentage in this case is equal to that of the cross pollination or not. There upon the tests on the germination of the Petunia pollen were made by means of the hanging drop culture with sugar solution containing the stigma secretion. The results of these experiments showed us that the secretion of stigma of self-incompatible individuals contained a special substance which was somewhat unfavourable for the germination of the pollen of their own plants (YASUDA & ARAI 1927 , YASUDA 1928a .
A slow rate of growth of the pollen tubes through the tissue of self pollinated style was suggested as the cause of the incompatibility by a number of investigatiors, such as FERGUSON (1901) , JOST (1907) , OSTERWALDER (1910) , MARTIN (1913) , CORRENS (1913 CORRENS ( , 1916 , KNIGHT (1917) , EAST (1918) , ANDERSON (1924 ), CRANE (1925 , SHOEMAKER (1928 ) PEARSON (1930 , KAKIZAKI (1930) , KOSTOFF (1931) , etc. Many of these workers supposed that there was a special substance which might inhibit the growth of the self pollinated pollen tubes. The delay of the growth of the pollen tube was also clearly found in the style of the self pollinated Petunia (YASUDA 1929a) . In order to investigate this phenomenon, the velocity of the growth of the pollen tubes in the artificial media containing the tissue juice of the style was measured. And it was found that the tube growth of the pollen of any self-incompatible individual was checked in the media containing the stylar juice of its own plant. From this result we see that the tissue juice of the styles of the self-incompatible individuals surely contains a special substance which inhibits the tube growth of the pollen of their own plants (YASUDA 1929 a ) .
Another case of the self-incompatibility was pointed out by NA-MIKAWA (1923 ), A SAMI (1926 ), and SASAOKA (1928 . They obtained the evidence to show that the growth of the tubes of the self pollinated pollen was not delayed in the stylar tissue, but they noticed that these pollen tubes could not enter into the locule. The results of the germinating tests in the artificial media containing the tissue juice of the ovary of Petunia appear to us to show that the inhibiting substance exists also in the ovary of the self-incompatible individual (YAsuDA 1931 a).
At any rate, we see from these data, that there exists without doubt a special substance which inhibits self fertilization in the pistils of the self incompatible plants.
III. Where does such a substance come from?
The inhibiting substance, as above mentioned, was found in every part of the pistil of the self -incompatible individual of Petunia. Where is this substance produced? Is it in every part of the pistil or in a special part of it? To answer this question, the pollen of the self-incompatible individual of Petunia was pollinated upon the grafted pistils, the styles of which were glued with gelatine upon the various kinds of the ovaries of the same species. The inspection of the results reveals, us clearly the fact that the growth of the pollen tubes is affected exclusively by the character of the ovary but not by that of the style. Namely, only when both the ovaries and the pollen belonged to the same vegetative line, the inhibition was strikingly active. Thus we see the inhibiting substance is secreted mainly in the ovary (YASUDA 193 i b) . And the results of the germinating-tests in the artificial media containing the juice of the various parts of an ovary showed us that the inhibiting substance is abundant at the part of the placenta of the self-incompatible individual.
The data obtained by a number of workers indicates that the grade of the inhibiting action of this substance may be divided into the following three classes: 1) The pollen germination is inhibited on the stigma. 2) The growth of the pollen tubes is inhibited in the style.
3) The growth of the tubes is checked at the ovary. These differences of the inhibiting action not only appear among the different kinds of the materials, but also occur in the same kind of plant (OSTERWAL-DER 1910 , NAMIKAWA 1923 , COOPER 1928 experiments on the nature of Petunia , as above mentioned (YASUDA 1931 a), may answer this question. If the inhibiting substance which is produced in the ovary goes up and reaches to the stigma before it will be pollinated, the substance will inhibit the germination of the self pollinated pollen; if the substance arrives at the style and does not yet reach to the stigma, the tube growth will be inhibited at the part of the style, though the pollen can germinate-on the stigma; and if the substance stays at the ovary , the pollen tubes of self pollinated.
pollen will grow as fast a s those of the crossed ones and the inhibiting phenomenon will be observed only in the ovary . The experimental results of EAST & PARK (1918) may confirm this idea . They measured the pollen tube growth in the artificial media containing the crushed tissues of the various parts of the pistil . The crushed tissue of the stigma affected on the tube growth in some cases but not in the other at all, while the affection of the crushed tissue of the ovary was always found noticeably. This may depend on the fact whether the inhibiting substance had arrived at the stigma or not .
IV. When or in what condition is this substance produced ?
It was found by many investigators such as WILLIAms (1925 ) , EAST 1926 , SMITH (1926) , KAKIZAKI (1930) , PEARSON (1930) , etc., that in the case of the incompatible self pollination , the " bud pollination "1) increased fertility to a conciderable degree . The similar result was obtained froni the self pollination in Petunia (YAsuDA 1929 (YAsuDA b , 1930 . These results show that the inhibiting substance is produced shortly before or after the opening of the flower , lacking in the young pistils of the flower buds. It was observed and studied by several investigators , such as DARWIN (1876), EAST (1917), and STOUT (1920) , that some self-incompatible plants often showed some self fertility towards the close of their flowering season. Some experiments were made on the nature of the old individual of Petunia to make the cause of this phenomenon clear . And it was discovered that the inhibiting substance became less or its inhibiting action became weak at the end of the flowering season. The so called " end-season self fertility " will be explained from the fact above stated (YASUDA 1930 a) . EAST (1917) obtained some evidence to show that the self-incompatibility was fully expressed while the plant was vigorously growing. This was demonstrAted by the experiments on the self fertility of Petunia which was vigorously growing under wet-soil-condition. And it was also noted that the inhibiting action of the stigma secretion and that of the tissue juice of the pistil became powerful when the plants were vigorous (YASUDA 1928 b) .
It was noted by SCOTT (1865), Mii'LLER (1868), DARWIN (1876), PASHKEVICH (1925) and others that the self-incompatible plants at high temperature tended towards fertile as the temperature became low. Such a fact was often observed in Petunia in the author's laboratory. Although the failure of the germination of the pollen at high temperature may be one of the causes of this phenomenon (YASUDA & SATOW 1928) , it may not be overlooked that the action of the inhibiting substance is powerful at high temperature. This is proved by the germinating tests of the pollen of Petunia with the artificial media containing the juice of several kinds of the pistils of Petunia cultivated at low and high temperature.
V. What nature has this special substance ?
it is proved by the experiments with Petunia, as above stated, that there is a special substance which inhibits self fertilization.
But EAST and PARK (1918) say that the special substance does not inhibit self fertilization but accelerates cross seed bearing. These two ideas seem to be quite different from each othor. Which will be in the right ? In order to answer this question, the relation between the pollen grains of some strains of Petunia and the special substance of the other lines was investigated, and it was discovered that the special substance of Petunia accelerated cross fertilization on one hand inhibiting self seed setting on the other (YASUDA 1931 a).
Next, we see the special substance can diffuse out through gelatine. In the grafting experiments with Petunia, as above mentioned, the style was glued with gelatine upon the ovary, and it was observed that the special substance which was produced in the ovary could go up to the style through this gelatine membrane.
The activity of this substance was found, as above stated, by means of adding the stigma secretion or the stylar tissue juice of Petunia to the aquatic solution of sugar. This means that the special substance is water soluble.
This substance is still active in the dry matter of the water extract of the pistils and also in the dry powder of them. The materials were dried up, in this case, at low temperature.
The germination and the tube growth of the pollen of self-incompatible Petunia were iniiibited in the media containing these dried materials of their own vegetative line (YASUDA 1931a).
VI. Summary
The following general conclusion may be drawn from the results of the experiments done with Petunia in the author's laboratory.
1. The special substance, which is supposed by many investigatqrs to inhibit self fertilization, can be surely found in the pistils of the self-incompatible line of Petunia violacea.
2. This substance accelerates compatible cross fertilization at least in the author's material.
3. It is secreted in the ovary and goes up to the upper parts of the pistil.
4. The part of the placenta is especially abundant in this substance.
5. When the plant is week or becomes old the activity of this substance is powerless.
6. When the plant is cultivated at high temperature, the activity of this substance becomes powerful.
7. This substance is water soluble and can diffuse out through gelatine. 8. This substance is still active in the dry powder of the pistils and in the dry matter of the water extract of them.
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